INTRODUCTION {#sec1-1}
============

The relationship between malocclusion and facial form has been a focus of orthodontists since early 20^th^ century. Dental arch width and facial form are important factors for determining success and stability of orthodontic treatment. Arch form is the position and relationship of teeth to each other in all three dimensions.\[[@ref1]\] According to Hawley,\[[@ref2]\] ideal arch width was based on an equilateral triangle with a base representing the inter-condylar width. The lower anterior teeth were arranged on an arc of a circle with a radius determined by the combined width of the lower incisors and canines, with the premolars and molars aligned with the second and third molars toward the center.

Facial morphology has long been accepted to be the result of each person\'s genotype and its phenotypic expression. It is also commonly believed that there is interaction between the functional capacity and the size of masticatory muscles and craniofacial form.\[[@ref3]\] Three basic types of facial morphology exist: Short, average, and long. Those with long face have excessive vertical facial growth which is usually associated with an anterior open bite, increased sella-nasion--mandibular plane (SN-MP) angle, increased gonial angle, and increased maxillary/mandibular plane angle. The short face types have reduced vertical growth that is accompanied by a deep overbite, reduced facial heights, and reduced SN-MP angle. Between the two types lies the average face.\[[@ref4]\]

Nasby *et al*.\[[@ref5]\] noted that the mean maxillary and mandibular arch circumferences and mandibular inter-molar width were greater in subjects with low MP-SN angle. In their study, the subjects were adolescents without discussion of gender and ethnicity. Using posteroanterior cephalograms, Christie\[[@ref6]\] found that adult brachyfacial males, when compared with standard males had greater maxillary and mandibular widths. No difference, however, was found in arch widths of brachyfacial versus standard females. In terms of difference in arch width between males and females, Wei\[[@ref7]\] evaluated posteroanterior cephalograms of Chinese adults.

Correct identification of a patients' arch form is an important aspect of achieving a stable, functional and aesthetic orthodontic treatment result; failure to preserve the arch form might increase the probability of relapse.\[[@ref8]\] Improper arch wire changes can result in periodontal breakdown, recurrence of crowding of buccal segments, or increased crowding of labial segments particularly when inter-canine width and inter-molar width have been expanded.

The original arch form for straight wire appliance was determined based on the mean dental arch form of orthodontically untreated normal occlusal samples of US population. Most of the orthodontic arch wires are designed in the USA and have been distributed all over the world without much research. Therefore, even with latest orthodontic appliances, education in the biological diversity of our patients and reasonable technical training for arch wire fabrication and adjustment are still essential in advanced orthodontic programs.\[[@ref9]\]

One genetic factor contributing to the dental arch form and facial type is the patient\'s ethnic background.\[[@ref9]\] The purpose of this study is to investigate whether dental arch widths are correlated with vertical facial types (MP-SN angle) and whether there are any differences in arch widths between untreated adult males and females in South Indian population.

MATERIALS AND METHODS {#sec1-2}
=====================

A total of 180 untreated patients above 18 years old were employed in the study. The samples included natives of Andhra Pradesh, Tamilnadu, Karnataka, and Kerala. The samples employed in the study consisted of two groups, males and females, of 90 patients each. Each group was further divided into low angle \[Figures [3a](#F3){ref-type="fig"}, [4a](#F6){ref-type="fig"}\], average angle, \[Figures [3b](#F4){ref-type="fig"}, [4b](#F7){ref-type="fig"}\] and high angle \[Figures [3c](#F5){ref-type="fig"}, [4c](#F8){ref-type="fig"}\]. Subjects with a full dentition were included in the study (except third molars). The exclusion criteria were previous orthodontic treatment, edentulous spaces, history of trauma, significant cuspal wear, extensive restorations or prosthetics, anterior and posterior cross bites, and severe crowding (\>9 mm) or spacing (\>9 mm). Lateral cephalogram and upper and lower impressions were collected from each patient. The lateral cephalograms were traced individually and Sella Nasion PointA SNA, Sella Nasion PointB SNB, PointA Nasion PointB ANB, and SN-MP were measured. The dental arch width was measured on the dental cast using a digital calliper accurate to 0.001 mm.

![Maxillary study model (arch width measurements)](JNSBM-4-94-g001){#F1}

![Tooth size-arch length discrepancy on study model](JNSBM-4-94-g002){#F2}

![Low-angle male: Casts, lateral cephalogram, photographs](JNSBM-4-94-g003){#F3}

![Average-angle male: Casts, lateral cephalogram, photographs](JNSBM-4-94-g004){#F4}

![High-angle male: Casts, lateral cephalogram, photographs](JNSBM-4-94-g005){#F5}

![Low-angle female: Casts, lateral cephalogram, photographs](JNSBM-4-94-g006){#F6}

![Average-angle female: Casts, lateral cephalogram, photographs](JNSBM-4-94-g007){#F7}

![High-angle female: Casts, lateral cephalogram, photographs](JNSBM-4-94-g008){#F8}

The following maxillary and mandibular dimensions were measured \[[Figure 1](#F1){ref-type="fig"}\].

Inter-canine width (buccal cusp tip and widest labial aspect),first and second inter-premolar width (buccal cusp tip and widest labial aspect),first inter-molar widths (mesiobuccal cusp, central fossa, widest buccal, and narrowest lingual aspect).

Tooth size-arch length discrepancy {#sec2-1}
----------------------------------

Tooth size-arch length discrepancy was calculated by first determining the arch length available and then subtracting the sum of mesiodistal widths of teeth anterior to first molar from it \[[Figure 2](#F2){ref-type="fig"}\].

Statistical analysis {#sec2-2}
--------------------

Descriptive statistics, including mean and standard deviation (SD) were calculated for all measurements. A Student\'s two-tailed *t*-test was used to determine whether the differences in measurements between male and female groups were significant. Analysis of variance ANOVA test was carried out to show that inter-arch width varies significantly with different levels of MP-SN. Regression analyses were carried out to predict arch widths with known values of MP-SN. β-coefficients were taken to check whether the relation between inter-arch widths and MP-SN is inverse or direct. In order to evaluate intraexaminer error, lateral cephalograms and models of 15 males and 15 females were re-measured after 4 weeks, and their mean differences were assessed with paired t-test and compared with Pearson\'s correlation coefficients.

RESULTS {#sec1-3}
=======

ANOVA statistics is done to compare the arch widths of the samples at different levels of MP-SN. The result showed that the arch width significantly varies at different levels of MP-SN (*P* \< 0.05). The mean arch widths at maxillary canine (cusp tip) for males are 31.72, 32.66, and 33.35, respectively, for high, average, and low MP-SN values. ANOVA statistics (*P* \< 0.05) shows that the arch width at inter-canine cusp tip varies significantly at different levels of MP-SN. Similar statistical results were obtained in all dental arch width measurements on maxillary and mandibular arches in both males and females. Regression analysis was used to predict arch widths, with known values of MP-SN (independent variable). β-coefficients for arch widths were calculated and results show that as MP-SN increases, the dental arch widths decreases. The β-coefficient for arch width for males at maxillary inter-canine at cusp tip is − 0.848. It indicates that as MP-SN increases, the dental arch width at canine cusp tip decreases significantly and for every 10 increase in MPSN, the inter-canine width decreased by 0.848 mm. The R^2^ value of 0.720 for males at maxillary canine cusp tip shows that 72% variation of inter-canine width can be explained by MP-SN. Similar statistical results were obtained in all dental arch width measurements on maxillary and mandibular arches in both males and females. A student\'s '*t*'- test was applied to find the difference in arch widths of male and female samples. Average arch width of maxillary inter-canine (from cusp tip) for males is 32.67 mm, whereas for females, 31.77 mm. Student\'s '*t*'- statistics (*P* \< 0.05) shows that the arch width measurements of female samples in the maxillary canine cusp tip were significantly less when compared to male samples. The results were similar for all the inter-arch measurements in maxillary and mandibular arches. Paired '*t*'- test was done to check the intra examiner error in both maxillary and mandibular inter-arch measurements and MP-SN values on lateral cephalogram. Since all the *P* values were greater than 0.05, there is no significant difference in the first and second measurements.

DISCUSSION {#sec1-4}
==========

Vertical facial form is an important element of orthodontic assessment. It is an essential criterion for each orthodontist to understand the relationship between vertical facial height and dental arch width for proper diagnosis and treatment planning. Large variations are found in the vertical dimension and these affect the clinician\'s approach to successful diagnosis, treatment planning, and mechanics.\[[@ref10]\] Errors in the evaluation of patient\'s facial type can lead to undesirable and sometimes irreversible consequences during orthodontic treatment.

This study aims to evaluate the inter-relationship between vertical facial height and inter-arch widths in untreated South Indian adult males and females. It also compares the dental arch widths between male and female samples and to find out whether there is a difference between them or not.

In this study, subjects without previous orthodontic treatment were only included because prior treatment might have influenced the vertical development of the dentoalveolar process or the dimensions of mid-face structures. Additionally, care was taken that all samples were of south Indian origin to avoid any major ethnic difference in craniofacial morphology. In order to have a greater distribution of the facial patterns, 180 samples were taken and divided into three groups: High angle, average angle, and low angle. Assessment of high, average, and low-angle groups allows estimation of its relation to dental arch widths.

For each patient, standardized lateral cephalogram and study models were taken and confirmed that none of the exclusion criteria were present. The measurements to assess vertical facial height were done from the lateral cephalogram and study models were used to measure the dental arch widths in both upper and lower arches. After the initial tracing of anatomical landmarks, SN-MP angle was traced and it was used as a measurement for vertical facial morphology. Ten dental arch width measurements were taken from both maxillary and mandibular study models (inter-canine cusp tip and most buccal, first premolar buccal cusp tip and most buccal, second premolar buccal cusp tip and most buccal, first molar mesiobuccal cusp tip, central fossa, most buccal, and most lingual/palatal). These measurements have been taken as a standard for dental arch width analysis by many investigators.\[[@ref11]--[@ref13]\] In order to exclude intra examiner error, lateral cephalograms and models of 15 males and 15 females were selected randomly and re-measured after 4 weeks by the same examiner.

The results showed that, in maxillary and mandibular arches, there was a statistically significant inverse relationship between vertical facial height and dental arch widths among the maxillary canines, first premolars, second premolars, and first molars in male and female samples \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\]. The mean arch widths of maxillary inter-canine at cusp tip for males are 31.72, 32.66, and 33.35 mm in high-, average-, and low-angled samples, respectively. The mean inter-canine arch widths from cusp tip for males in mandibular arch were 23.15, 23.82, and 25.10 mm for high-, average-, and low-angled samples, respectively. In females, the inter-arch widths at canine cusp tip in maxilla were 31.11, 31.77, and 32.29 mm, and in mandibular arch 23.07, 23.65, and 24.26 mm for high-, average-, and low-angled samples, respectively. The statistical analysis \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\] shows that inter-canine arch width at cusp tip decreases significantly (*P* \< 0.05) with increase in MP-SN angle. All the 10 measurements in maxillary and mandibular arches showed similar significant difference (*P* \< 0.05) in the arch widths among high-angled, average-angled, and low-angled samples. Regression analysis was used to predict arch widths, with known values of MP-SN \[Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}\]. β-coefficients for arch widths were calculated and results showed that as MP-SN increases, the dental arch widths decreases. The β-coefficient for arch width for males at maxillary inter-canine at cusp tip is − 0.848. It indicates that as MP-SN increases, the dental arch width at canine cusp tip decreases significantly and for every 10 increase in MP-SN, the inter-canine width will be decreased by 0.848 mm. The R2 value of 0.720 for males at maxillary canine cusp tip shows that 72% variation of inter-canine width can be explained by MP-SN. Similarly, the β-coefficient values of all the 10 measurements in maxillary and mandibular arches showed that the dental arch widths decreased significantly with the increase in vertical facial height and using regression analysis, we can predict the arch widths at all the 10 sites in both the arches with known values of MP-SN. Similar statistical results were obtained in all dental arch width measurements on maxillary and mandibular arches in both males and females. The prediction of inter-arch width helps us in situations such as cross bites, ectopically positioned teeth, transpositions, scissors bite, impacted teeth, missing teeth, etc., where we cannot determine exact inter-arch widths and fabricate customized arch wires for the patient.
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Comparison of arch width based on different levels of mp-sn for males
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Comparison of arch widths based on different levels of mp-sn for females
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Linear regression analysis for males
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###### 

Linear regression analysis for females

![](JNSBM-4-94-g012)

Inter-arch width measurements showed that there is significant difference in arch widths among males and females in untreated South Indian adult population \[[Table 5](#T5){ref-type="table"}\]. Mean inter-arch width for maxillary canine from cusp tip is 32.67 mm for males and 31.77 mm for females and from most buccal it is 38.02 and 36.63 mm for males and females, respectively. The statistical analysis shows that (*P* \< 0.05) the arch width at inter-canine region is significantly greater for males compared to females in maxillary arch. Similar observations were found in all 10 dental arch width measurements in maxillary and mandibular arches. This observation is in accordance with the observations in Caucasians,\[[@ref11]\] where the arch width measurements were larger for males compared to females. Wei\[[@ref7]\] evaluated posteroanterior cephalograms of Chinese adults and noted gender differences in maxillary and mandibular inter-canine widths. Gross *et al*.\[[@ref14]\] observed that boys displayed larger arch width than girls and given that this is due to the fact that boys tend to be physically larger than girls. Increase in arch width during growth was found more in males than females and this can be a reason for males having broader arch than females.\[[@ref15][@ref16]\] The results in this study were similar to Nasby *et al*.\'s\[[@ref5]\] evaluation. He demonstrated narrower inter-molar widths in high-angled children.

###### 

Difference in arch widths among males and females in untreated South Indian adult population

![](JNSBM-4-94-g013)

Musculature has been considered as the possible link in this close relationship between the transverse dimension and vertical facial morphology. A number of studies\[[@ref17]--[@ref19]\] have illustrated the influence of masticatory muscles on craniofacial growth. The general consensus\[[@ref11]\] is that individuals with strong or thick mandibular elevator muscles tend to exhibit wider transverse head dimensions. Strong masticatory musculature is often associated with a brachyfacial pattern (short face). This muscular hyper-function causes an increased mechanical loading of the jaws. This in turn may cause an Introduction of sutural growth and bone apposition which then results in increased transverse growth of the jaws and bone bases for the dental arches. Spronsen *et al*.\[[@ref20]\] found that long-faced subjects have significantly smaller masseter and medial pterygoid muscles than normal subjects. Satirglu *et al*.\[[@ref19]\] ultrasonographically measured masseter muscle thickness. They found that individuals with thick masseter had a vertically shorter facial pattern and individuals with thin masseter have a long face. Their results showed a significant association between vertical facial pattern and masseter muscle thickness. These results are in agreement with previous studies done by Weijis *et al*., Kiliardis and Kalebo, Benington *et al*., and Raadsheer *et al*.\[[@ref21]--[@ref23]\]

Proffit *et al*. have proved that the mean bite force is greater for short face, normal in average face, and low in high-angle subjects.\[[@ref24]\] The mechanical stress brought about by occlusal bite forces and volume of certain masticatory muscles might influence the size of adjacent craniofacial skeletal regions.\[[@ref20]\] This might be another reason for variation in arch widths according to facial pattern. Helkimo *et al*.\[[@ref24]\] have found that mean bite force values were significantly higher in males than in females. The increased bite force might be a reason for the increased arch width in males when compared to females.

The direction of mandibular growth is influenced by the tongue base position, as the anterior tongue pressure might influence on the rotation of mandibular corpus. High-angle subjects had a larger tongue gap\[[@ref25]\] than those with normal and low angles and the tongue position may be parallel to downward and backward rotation of mandible. This indicated the relationship between tongue base position and long face syndrome because increased tongue base position correlated with an increased lower anterior facial height.\[[@ref19]\] Because of the lowered positioning of tongue, the balance between the tongue and buccinators muscle (buccinators mechanism) might be disturbed and this can be a reason for the arch constriction in maxilla. Mandible also constricts along with maxilla since maxillary and mandibular arches are mutual counterparts according to Enlows\[[@ref26]\] counterpart principle. Functional matrix theory also suggests that width of palatal complex is influenced by location of tongue.\[[@ref27]\]

Dental arch width is certainly a multifactorial phenomenon.\[[@ref28]\] The data from this study showed an inverse relationship between MP-SN angle and dental arch widths with a strong correlation. It seems the MP-SN angle might be only one of the contributing factors. Hence, the prediction of dental arch width is generalized and can be influenced by other factors. Moreover, in agreement with Eroz *et al*.[@ref29] and Forster,\[[@ref11]\] the results demonstrated that the male arch widths were significantly greater than female arch widths. When comparing the arch width of South Indian populations with the observations of Forster *et al*. in Caucasian population,\[[@ref11]\] the inter-arch widths of South Indian population are narrower than the Caucasian population. Christie\[[@ref6]\] already proved that the Caucasians with normal occlusion tend to be more brachyfacial than dolichofacial. Compared to Caucasian\'s, Japanese have a narrower width. Sokamoto *et al*.\[[@ref30]\] proved that Japanese population has been found to be more retrognathic with a greater vertical direction of facial growth than Caucasians. African-Americans\[[@ref14]\] had larger maxillary arch width than Caucasian youths. Southern Chinese population has a greater arch width when compared to Caucasians.\[[@ref31]\]

The relationships between the vertical facial morphology and dental arch widths in untreated South Indian adults have an inverse relationship as in Caucasian population.\[[@ref1]\] Hence, irrespective of ethnicity and race of the population group, SN-MP and inter-arch widths can be used as a valuable tool in assessing the vertical and transverse craniofacial and dentoalveolar morphology. The variation of arch widths between Caucasians and South Indians and between males and females highlights the variations of arch widths according to race, ethnicity, and gender and also the importance of using customized arch wires according to pre-treatment arch form and width for every patient during orthodontic treatment.

CONCLUSION {#sec1-5}
==========

Within the parameters of the study, following conclusions are made:

Relationship between dental arch width and vertical facial pattern is determined by the steepness of mandibular plane in untreated South Indian adult population.The relationship was found to be an inverse relation in both males and females of untreated South Indian adults, as MP-SN angle increased, the dental arch widths tended to decrease.A generalized prediction was done for the dental arch widths with a given SN-MP.The dental arch widths of males were found to be wider than females among untreated South Indian adults.Since dental arch width is associated with gender, vertical facial morphology, and population groups, during orthodontic treatment, it is suggested to use individualized arch wires according to each patient\'s pre-treatment arch form and widths.
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